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(54) SYNTHESIS OF CARBON NANOTUBE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for the mass- 
synthesis of high purity carbon nanotubes perpendicularly arranged 
on a large area substrate by thermochemical vapor phase vapor 
deposition method. 

SOLUTION: After catalyst metal particles of a nanometer size are 
formed as separated on a substrate by an etching process (step 
30), high purity carbon nanotubes perpendicularly arranged on the 
substrate are grown by a thermochemical vapor phase vapor 
deposition method using a carbon source gas (step 40). Then after 
the step of selective synthesis of carbon nanotubes. carbon 
nanotubes are purified in-sltu (step 60). 
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2 

m^:^:^f&mW:n. 7 0 0 7!;M l 0 0 0*C(DiaitT8 0 
7bm4 0 0 s c cmtrmIIBr>'^^T;^^^l OJb^S 
0 5>M:7 o - P,iifT-r 5 C t t -f SIf ^ 

7 0 OTbmi 0 0 0X:<DWl&X2 07b^2 0 0 s 
c cm<^2?Sgl^ 1 0 7!;M6 0 — ^^'W — 

im^me] m^mm^mi^^%:mm.ir^mf^tmm so 

ir^mj^m 1 7bm 5 CO 9 i m\ZT(e^m<D:^—^>' 

i- h m^§^mm J; t) nt>in ^zt sr#» t-t^m^m 

m ^ -r ^ If 1 ie«<D tK > / ^ o-^^ 
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2 

^(oiSTs -^WB yuxmmr^ r h $r#« t -t^mm i 

lrBB«o;«7 - /if / ^ :x ~ :/^^'^^K:^r j*, 

[if 1 1 ] m^^m^mm^r^^^^m^<Dm 

® lb miiB;^7 7K >- y - ;^ X >Srg^^i- 5 ^Pg $ 

[M*^l 3] Hi]BS:*?-3i<:/^y^cx-y5rffM-r5 
iifr $ ti. 5 mis ;<7 - ^ / - y ^Sr «Si-r S ©pg ^ 

w ^ (T^il-B^j^f ib -5 S¥ ^ il^ ^ nfc^5Ji^^^ 1 o 

1 3i-|E^cD:*-7K^-:h/^^-:/0'g^i^:^^o 

\^xm^m\L^mMmm'm.nt^hmwmm^ 

[0 0 0 1 1 

[0002] 

[ti^jj^Ofi^l^] ^5^^$^ (a rm-c h a i r) 1#it<7> 
^tt^m^l^Srs v^:J^if^ (zig-zag) 

(field emission devices) ^fi 

^^yttiCRT (cathode-ray tube)0 

J: s a: x^x^'m. 

[0 0 0 3] ^*-e^^$^^:rc:^-7K>'-^/^^— 
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i 

[0 0 0 4 ] 

i^mmi^i^xo ti-^wkm] m^Bcmfe (c. j o 

urnet et al.. Nature 388.756 
(1 9 9 7) S.t>*D. S. B e t h u n e et al.. 
Nature 363.605 (1993)) if— 
M^W: (R. E. Sm ally et al..Scienc 
e 273.483 (1996) J: V --tT^ l^-f- / 

^ ^ - ^^fi^t* ;^ - y ^ ^ - s^^S 
$Sr|]gfiSL»c< <. ^lR^;&sig:v^^ ^f^^ ^^^^^^^^ 

[0 0 0 5] ^tS-a^fi^S (R. An d r e w s et a 
l..Chem. Phys.Le t t.. 303, 468. 19 
9 9) tiStg^ffiffl-frr^ SlS*^P^-e:<?->j<vy-;j^;«f 

[0 0 0 6] ^^^^h^t\.timit^^nmmWi 

t-cfctUJ^\ ^^L^tOv-i; (W. Z. L i e t a 1 . S 
cience. 274. 1701 (1996)) ^fclli^ 
h (Shinohara et al.,Jpn.J. 
Appl.Phys.37.1257 (1998)) Sffi 

[0 0 0 7] •:r^:X'^it^^nmmm (Z. F.Ren 
et al.. Science. 282. 1105 (199 

[0 0 0 8] ^^0^fi. z,(D^of^f^m^m^ir^fzib 

[0 0 0 9] 

*^>^ ^^P>^{-^S;^-:^>'^y^a.-":/(D-^fie:^i£tcj: 
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;^7 - ;K y ^ :x - :/ <Sr^S ^ iir r StS± t^SiE (cM^iJ 
$ <:o ;«? - :^ :x y ^ - :7' S p 

[0 0 10] tijiE5>«i^ix:fe^yi^'rX(^/^^^jiJ|&^ 

W,:^:^§mm\± 7 0 0 Ibm 1 0 0 0 X:(DUMX 8 0 T^M 
4 0 0 s c cm\Z.w\^r>^=^TiS:!^^ 1 07!>M3 0^ 

[0 0 12] M^U<fi. milE:^;-7i<>'-:^y^^->^<£r 

?i^^-rsia:Kfi 7 0 0 7bm i o o o t:<^ias-e 2 0 t&m 

2 0 0 s c cmc^acl:!^ 1 o:^ii6 Oi^m^-^^^:^ — 
[0 0 13] mjlS^*^:^M5K£^^?^)*1-smi:mil2;^ 

^^^Sf^T'-r (in-s i tu) -r^mn^ 

[0 0 14] HalB:^-":^>^y^^-:/^^j*i-S©Pg 

[0 0 15] M*L< BulB;^-^'>^/^a-3^^ 

30 tT$nSH«IS:<7-2K>'-:^y^^-y^*iSi-5©PtS:^ 

iblii-grtTp m^lE:^-7K>':^y^^-y^m§S!-f-S^P^^i 

[0 0 16] ^h\z^^\^<n. m^mm^^(Dm\^^ 
m^:ff:^^mm {.xmrnrnt^mBmrnrnm^hm^:;^ 

40 [0 0 1 7] 

50 /jrlFBtt^T^i-o 
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[0018] (^1 mmm m i fi-a^^^tb^r. m 2 

(A) RV^ (B) It^ y ^ ^-zfmm^Jti^ 

[0 0 19] mi ^^m-ttil^. ti-it^:y-yj^=^--f 

(omi^-^^^mw. (1212 (A) cDi 1 0) ±\^fm.'^m 
^ (S12 (A) (Di 3 0) ^m^-r^ (2 o^pi) , ^ 

1 1 0 i: LrJ±;^f^:^. ^H^. V >^-^fznT ^ 
i- (AI2O3) ^*5?^c?i:*;&5^t5ixoo ilii^^JlBI 1 3 0 

^ffiLrf^^i-5p fiiiK^JSMi 3 ojig?i^^fe. 

^2 0 0 nmCOiP^I^JI^fiX-f-S, 

[0 0 2 0] mmi 1 0 i LTv-y ='>'^mm fet^ 

^Mlil 3 0^: = ^^/u =:y-^/U'*:/S:ti::txt5(7>-g'^ 
1 3 O^JS^SSS/SUTv-y i^-r K^;65j]^fi£;^ixSw 

mm m2 (b) coi 2 o ^Mj^-r^ (1 o^p^) « 
v-y =^>^mitm^ti}trju^'rts:t*t)^t&mmi 20 ti. 

[0021] m^. mm^mm 1 3 0 ^iikm ut5>«i$ 
tift')'/'^^ ::«Dmm^m^'¥-^m]&i-^ (30^ 

o*;fe:iia&8ti^i 2 0 tmm^mmi soaymf^^^tix 
\^^^mmt:mt^mm^m^o)^- h 3 1 o\^wf^^ 
mi^mmLxw-ni^^mmi.tim. h 3 1 o^^-fk^ 

^+B^*^B<30K/Sr 3 0 OF^tiia-T^^ix^-f-S^ Tjf 

- h 3 1 0 00-7=^^ >':^^^. giSl 1 0JilC?i^i5g$ix 

1 5 i:iS:^f^T-Tf^t'^ J: 9t-D-x^ >'^i-^, li^j 
:*^;^oaA:^f^i:ftfel«^MII^i 3 0 to^©^ie*r^t;i-r 

^<Dlt. 1 0_b-Cf4^J:;^:^(7)??ftS<D»^tL (mas 

s flow) ^i^—\,^LX]^j;t:^(Di!^—m^misb^tii!b 

'^(DKJt^^j^ft^ 3 0 o(D\^m\zHm^ivx\^^fzmm 

I 0 0 2 2 1 h 3 1 0 ^0-7=^^ :/i/L/i:^. SJ^^ 
^F3 3 0f^(DJE;^;^±^iE (^^JEfb^mtB^*^^®^^ 
m-t^m-B-) ^Tzlt^SmT o r r 7!;ii^T o r r MS 

(^g:»{:^^^@^«^g^ttffi-r;5^-g^) (c:/^2>J:5i;i 
bfct^. ^i:^*p3 0 o^D^mIj^;;^I9:®^tbfc^g^=3-^'/u 
3 3 o^mm\^x^jtfF3 0 0F^(7)ms^ ? o or:^s 
10 0 ortc±#$ii:So KJt^iPB 0 o^<Dumt^i:u 
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?aSt^M^^^l#4 0 O^mikLXf^M:0::^m^m4 

1 0;6^^i4giJ:^;^^:^;;?.ttjf^l=3 2 0 ^ii LTS:jS^F 3 
0 0f^(c^jf^i-6o §4g'J;?^;^fir>-^^T:<f;^. 7k^;j{f 

:^:^^£rftffi1-5:©'a'l-H8 0 7!;iE4 0 0 s c c mO^ft 

(ci o:;!;^3 o^5^M**&-rSo xs^as<^Tis<7)7 o o 

[ 0 0 2 3 ] 121 4 Jr^-r J: 9 f-. S/S*^ 3 0 0 i^tc«tl& 

^i^yc:ti^J;^>^ 2 0 0 Ji^i^^M^ l 3 0 i/->^3|^ 
# (grain boundary) {Z^^-:>Xi^MLX 

fflS*S:Wlw^fii^ix:/t-^yif^X(7>teat&JlttT-i 3 

^x^^m.x^xmi$.^ti^:^-^>^'i'y^::^-:f<omm 

2*? [0 0 2 4] :f3—^:^y-:^:if>^^mt^mB 

mmmmpH\^m^i.x:t3-7^:yi-/^=L-zf:^mmi i 

^^:g$it^^pg (4 0^15^) ni-y^^ xtomm^m 
'^^^^i^-r^mm (3o©p^) t^>^-i^^^xm^ 

i-^o I2|3i0^1#4 0 0{iJhi6^2#4 

2 0^mW^\^xr>^^::^T:ff:^<7:>W^^nmWri.. ;i;->i< 
>y-;^;«f;^^|&ai4 3 0d*f3;<f;^^«&«=3 2 o^lrSL 
-C;^7-7}<>'y"-;^:^/^^Rij;^3 0 0f^tc«?^1-5o S 

30 3|a^=- 1 .3 0 p ff^^^OiaS i: m-^J:Ummm(D ? O O 7!» 
Ml 0 0 O'C^r^^fei^^p :^'vy — ;^;^;^fl2 0 7!; 
M 2 0 0 s c c m<Dm.M\Z I 0Jb^6 0 i^mW^-t^o 

ti—^>^y-:^:^:;^tVX\'±C}--'Cz<Dmi\:A<i^ (hy 

drocarbon) :^ :^t^mt>tl^o L < fl. T 

[0 0 2 5] i:umj^coTm<o7 0 o'x:n:ty-:^i^y— 
40 m3#4 4 o^MSJcL. ^^vrRv^yi^itn^Vi:^y^ 

^ - 40- y - :^ :^ j:^ ^ 1^ ^ f c fit «t i- S Cl ^ T* t 

ho 

[0 0 2 6] atz.. t^-^^i^y—:^:^:^tm^mw^m 
mtm:^^) ^mmzw^\^xmm±\z^f&^tih:^'- 

;^-^yy~;^:^;^i:l4i^J;^xofls:Ktt:fi2 : i 
50 7bm3 : 1 ;65M*bv^ 
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[0 0 2 7] ms izTjk-r^ 9 ic. ^it^jp 3 0 0 p^\zm^ 

^infz^—7t<>^y-:^:^:^ 5 O O llf?ft5>^^ixT^y 

1 5 0 ^fi)c:S^it5« 
[0 0 2 8] Hie (A) (C) (iSJ[g^:^^T^/U 

(base growth model) C7:>MI8§(§]'T?*5 0 

EI6 (A) (c^-Tiplc. f^^b^^^lii^«gB<^S 
i^^^^3 0 Of^(c^^^$tLfc;^7~4<>y-;^:55/^ (^iJ : t 
(C2H2) ) ;i»^^^sr*^5>/5? (py r o 1 
ysis) ^^xmm^^^-^y V (C = C^fc(iC) S 
^ykm (H2) h;65^j^^M 

mm^nn^. me (b) tc^-rj:9t-^ 

1 3 0 p tmm:=^:=^y h\zj:y) mmmm t ^^n.}-^ 

ic. j^^^Mtt^i 3 0 p(7)ftfejKf^ffifc:J:t?:;&-7}C^^-^ 

y^oL-y 1 5 otmmzf^^ir^^ mm^m-^^i 3 

0 p<7:>fl^fii;i)5:^v^;6^ iifii^co^-a-tci^i;^— i^j^V:^/ 

-Zfl 5 0<D^1^iif^m (round) (b 1 u 20 

i&^l 3 0 p<^*«;^>s^o^ca'^tcfl:;(7-4<>-T^y f^zx 
- co*^ ^ it 5 J: 9 jcff^ fig $ ^> o 

[0 0 2 9] mi mmmvi-^mt^^^mmmmt lt 

nmlb^A 0 0 nmXhK). ^^tm^ mJ!?g^^M 
m. #(]x.l^O. 5 ;zmJ!?M3 0 0 p. m<D:^-'7i<lyi- y ^ 

[0 0 3 0 ] m^mztf — y^i^i- y 1 5 

0 (7>^^^pg^ - ^ X*:^ jj< y ^ ^ - >^ 

1 5 O^Wffi-r^) (6 O^pg) o ^^S^tvytJ^^-TK^-^ 

t7:>i^:S:^j5^ ( 4 0 IS:j5g) t -O- v-^^ -^WS^lPg (6 

[0 0 3 1 1 1^13 (7)^2 #4 2 0n±ibm4 

#4 6 O^M;^L"C:*-^'>'y-;^:«/;^<7D««ati5g»f 
L. mm:^:^mi^M4 7 Ot)^h:^:^mf^'S3 2 O^mL 40 
xmm:ff:^^^ft^3 0 OF^tr>^|^-rSo 

[0 0 3 2] Jffffi:^;^^ U-CJir>^^^T:^;^, tK^;^^ 

^^l^Ji. SiJ<7)JftM;^:^#t^^zIi4 7 ot^^mx^ 
:^m^UA 1 0 ■^ti\-t^^ y T;^;^&r//^fcfi^^;3i/ 
;^^i|i&^[i4 5 0^*^)mSI:^;^^^jf^-r5 wi:t>"C#So 
[0 0 3 3 ] K^^^ 3 0 0 F^O^ffi^ 5 0 0 Ibm 100 

0 s c cmCll 0 7!;ii3 0 5>M^i?:&i-So r>'^:=:r^ 50 
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[0 0 3 4] mmcoi^^. :^-^<>^±y^=L-yi 5 0 

[0 0 3 5] S*L<H. m7{Z7r:-irXo{z^ fSffil9:Pg 
(6 0^pg) Omitc:^?Sf4:^;^^iSj^;^;l^3 0 0f^l::2 0 
o:^M5.0 0 s c cmizm'^^l.XKft>j^3 0 op^\zm^ 
i-5;<7-7K:^y-;^:^;^$rgmp 3 4 O $r5i urg^^i" 
S (EI 1 CD 5 0 ^P^) , ^^'te;^^^,^: LrtlT;U'=i'>';;t/ 
;j^;&5ifil-CfoSo l^Xi^^^ru^:^-t<>i-y^z^ 

[0 0 3 6] -^fz^ m^\^<nmmm^e omzi,:^^ 

tt:^;^^S^S^3 0 0F^lC2 0 0 7!;^ 5 0 0 s c cmic 
VXKit>iP3 0 0p^\zm^i-^mm:^:^%:m^Q 3 

4o^mLx§mi-^ (El 1 CO 7 0 ^P^) o m^mKit^ 
f^3 oo\H(Dum'hT^^^^^t7b^m'^L\^\ mm.-^ 

:^(n>W^Win {7 OWcm (iM/S*^3 0 0(7)ma<£rT^ 
[0 0 3 7] mm^mm(0'^^:^m\zxt\.yi, 

^^tm.K} (agglomeration) \Zf^h^l< 

^m^^xi- y >:{z^tL\.xnm&\zw^i^^t^^fz 

[0.0 3 8] ^i^±\zW^^^fhfzfAm^mm(D^ 

mz'K^ximTM^'mmi.x^m^^fz^ y :^<D 
f^^^m^^^m^(D^mz:^oxi^—t^i^^^\zM^ 
mzw^^-r^o tSoT. mwi(Dmmt^ij^<fj:^x^mi^ 

\z^ mm.\zm.n^^xw^jSL\^o^o 

[0 0 3 9] ^(D_b, ^M:^:^, m'^ri^^=-r:^:^\z 

^^m^X^htz^\z^Mj\zi3-:;^^:y'r/^ (Dm 
[0 0 4 0] ^ur. t)-'^^>y-:^:^:;^<Dm'i^^¥F. 
h\z^^X. :^—^>^'i-/'f'z,--:f<o^^hmS,\zm^ 

[0 0 4 1 ] -tL-c. mt^^^mm^^m.^&m-r^fz 

^\z^W<r>m^±\zm^\z^m.:£M^mrTir^-^^ 
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(batch type) -a^^K^^^tg-Cfc^c t^^oT. 

[0 0 4 21 i^it. mm^m*iL^^mf&ir:bmmt:fJ- 
^* > V - ^ :^ ;^ ^ ^ L T ~ V -^h / ^ ^ - :/ >^ ^ ^ 

hm^\^^^xm^<o^mii^t^7b^^^mRu^m^m^ 
[0 0 4 3] (m2mmm) m2mmm^>mimmmt 

[0 0 4 4] zfyX'7%m\nM.tL\^X':ry:^'^^n^'m. 

^M\:imm^ti^z.tt:&5±i-^fti^\z\ty^yX'^'^m 

[0 0 4 5] ^^LLfz^yX'^^^mxi±Mi-^m^\zit. 
^K3Scl 3. 6MHz.. :^:^<DJ£:hO. llb^l OTo r 
rlBinn^t} 5 0 7!;M2 0 0 WJDXm^#'CT V^^T;3tf 
7K^;^:^^^cti7K^<i::«l^;^;^<£' 3 o:;^M3 0 0 s c 
cmlcy'D — ^ii:-C?I^^L:/h:/^X-^<Srffiv^T 3 5 07!? 

0 ot:(7)^a;g(^5 7!?M3 o':ifmm\.xmi'mmm 
tm-f^^mxmm^Mz^m^mm^msw^x^m^ 

[0 0 4 6] —i^m^^m.(om^\a± I 3. 6mh2<^^ 

ykmtfy^^tii:Xyi<:mit^:^:^^3 OTbMS 0 0 s c 
cm\zy n - $it/^;&S L/ci/^X-v'^^k^^+B^ 

^^ff^i^-f 5o i±Mxm^3 5 0 7!?iE6 0 Ot:(7>mSlc 

mmLxjf^}&'r^zt^^mhm'^L\^\ -t^i^. :^-:/i^->' 

So 

[0 0 4 7 ] {mzmmm) m3-mmm\^^m^f\.tL-r 



(6) #M 2001-20071 - 

iirfr^^fbTK^ (HF) ^?S*:^citiHFi:NH4FOiS^ 
Tk^ffi) fci7!;M5^^gltr^«i^tv:^^yi^^Xco 

[0 0 4 8] {m^mmm) m4mmm\tm3'mmmt 
^i'mmm<Du^i^Mx^<^x. ^\:iu^m^]^mm\^ 

^ri^y.^Q 0 7!;g3 0 0 s c cml:i5 7!;ii2 0 5^^* 

^^\^xm^±\z.ii^m^Mz,^ /-^^ ^(of^m^m^'^t: 
[0 0 4 9] {m^mmm) m5mmm\±-i'y'^^ X(D 

Wnmlb^^'^nm(Dy7tV\y\^:^h^<'^ — 'y (PR) 

[0 0 5 0] mz,. ms (B) t^^-TJ: pi-^ :7;^- h u 
h/<>5^->^ (PR) SrfiiSO-^;^^:^ ^ UTftfelK^jSK 

1 3o^^n\^X'i-y'^'< x\z.y<^'->:^nfz.fmi^m 

jfe^i 3 0 p^Wyj&ir^o 
30 [0 0 5 1 ] Jgi^. I§18 (C) t^:^t-J:pl-. :«?-3^<>- 
tf-rSo m 5^M^Jco J; 9 tc:^Xti^Jxa-e^iSt^Jl^ 
^S^Ii@5i-5 ^ ^ J: o Tjli^^m^l?&^(7):^# ^tm 

m^m\zm^^^xi^h\c^i.<wt^^^^tfK zcomm. 

[0 0 5 2] (^i^^ill) 2 cmX3 cm(D-yD =2>^m 

40 tejitci/y ^>m\M^i 5 0 0 kcom-^^^n^^^tL 

^^^::^^fe-eF eM^ 1 0 0 nm(7:)iP$iC?i^^L 
o— t'W' :^^L:fe^. Sit^OjE;^^: 760TorrtC 

i^^. ?sa[^9 5 ot:[^#^L/c^. rv-^r^r;^;^^ 

1 0 0 s c cmtC2 0^K7D-$ii:-C5i'Bt$h.fci^3|& 
i)^hT±^i->':^:^^4 0 s c cmlci o^my^-^ 

^x^^m^^^h:^-^>^'r/^:^-zf^mj^^'^tio 

SEM (scanning el ect ron mi cr 
SO OS copy) 
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TTEM (transmission electro 
n microscopy) t?fi.»LrrJS;^. iEHiKlS 
Onm. 2 0 p. mCOi^—^^^-T y ^ zi. — zft'^miSL 

[0 0 5 3] iimmm2) ^m^mmtvxF e<oixt> 

\M.^^^^(^5 0 nm. 0 fi m<0:^-'^l^'r / 

[0 0 5 4] (m^mz) mm^mmt i.xF e(Dixt^ 

il^;^>5^7 Onm. ^^t^3 0 mO;<7 — /jO'^ / 
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